Gilbert Blane said that as many as 218 men suffering from " consumption " had been admitted that year to Haslar hospital alone.
According to a volume containing the statistical records of the health of the Navy from 1830 to 1836, the Mediterranean Fleet reported 285 cases of " consumptive diseases of the lungs " and 147 cases of " expectoration of blood " during these seven years. As the average strength of the fleet was about 8,000 men, these figures represent a case incidence of about 8 per thousand per annum. Of these cases 105 died during the period, representing a case fatality of about 25%. Practically all these entries must have referred to tuberculosis of the lungs. But the recorded case incidence may have exaggerated the number of men who contracted tuberculosis; because the recorded incidence often refers to the number of entries on the sick list rather than to the number of individuals suffering from the disease mentioned. However, this fallacy is offset by the certainty that there must have been a fair number of tuberculosis cases entered under other headings, especially under the fever groups, and a group labelled " chronic inflammation of the lungs ". Even should the recorded incidence figures have exaggerated the incidence of pulmonarv tuberculosis, the case fatality cannot have been less than 25% for those cases recorded as consumption and hlemoptysis, because the same patient cannot die twice.
The case fatality in itself indicates the lethal nature of tuberculosis at sea a century ago. There ate many conditions which are often mistaken for tuberculosis of the lungs which, before the days of X-rays and bacteriology, must have been a cause of falsifying the statistical returns. In this connexion the Mediterranean type of undulant fever is of especial interest to the Navy. In my time, the pulmonary type of Mediterranean fever was, more often than not, at first temporarily diagnosed as pulmonary tuberculosis.
And, in the days before Marston differentiated the disease as a clinical entity in '1861, many cases of undulant fever remained permanently on the records as cases of phthisis. A good example of this error is given in the Milroy lectures of 1931 (Dudley) . During the year 1861, while serving on the Mediterranean station, H.M.S. St. Jean d'Acre recorded 219 cases out of a ship's company of 880, which were finally diagnosed as " phthisis " or " cachexia pulmonis ". Only six of these cases died, the rest recovered completely, usually after a long illness. A case fatality of 30h, at a time when the fatality from phthisis was usually over 25% elsewhere in the Navy, combined with other evidence, makes it certain that these men were in fact suffering from the pulmonary type of Mediterranean fever which was able to spread by droplet infection from man to man without the intermediary of the goat, under the conditions prevailing in ships eighty years ago. In passing, note the analogy with the pulmonic type of plague which can spread through the human herdI directly without the intervention of the rat and the flea, which are necessary for the transmission of a bubonic type of plague.
The errors of false diagnosis and multiple entries of the same case in the sick list were balanced to a greater or less extent by errors due to missed diagnosis. Probably, the real incidence of tuberculosis of the lungs was about 8 per thousand per annum in the middle of the last century-a rate fourfold that which exists to-day. Since then this rate has dropped irregularly until 1906, by which time the diagnosis of tuberculosis was fairly accurate. After this year, the statistical records of pulmonlary tuberculosis were more accurately kept. The graph of the so-called case incidence of naval tuberculosis shoNvs an irregular downward trend right up to 1913, the last complete year before the last war. During the war the statistical record was discontinued and not resumed until 1921. As was fullv explained elsewhere (" Anonymous ", 1938) , because all cases of tuberculosis of lungs are invalided out of the Service, the invaliding rate is an accurate record of the relative incidence of the disease during any two periods. Since the beginning of the century up to the present time the invaliding rate has fluctuated round 2 per thousandc. In the fourteen years 1900-1913 this rate averaged 2-2, in the fourteen years 1921-1934 the rate averaged 2-1. Therefore in spite of all our efforts to prevent tuberculosis in the Navy, during the last thirty-five years when, as judged by mortality, the amount of tuberctulosis in England and Wales must have been nearly halved, the prevalence of tuberculous disease in the Navv has remained unchanged. The real decline in naval tuberculosis rates, which took place in the latter half of the nineteenth century, was parallel to the downward trend of the incidence of the same disease in the civil population. And both falls were probably due to the same natural causes, perhaps accelerated by improvements in the environment, standard of living, and medical diagnosis. The decisive factor left untouched which determines the high incidence of tuberculosis in the Navy is density of population. The work for which a warship is designed prohibits any increase in the number of square feet of deck space per man, and the density of population must increase as more space is taken up by machinery, which requires additional men to work it.
All measures that have been introduced in the last thirty-five vears, namely the drive to get earlier diagnosis by periodical medical examinations and weighings of the men, the elimination of dampness and dust between decks, the great improvement in the protective qualities of the naval rations, and increase and perfection of the air supplv, have not been accompanied bv any decrease in the morbiditv of pulmonarv tuberculosis. However, it is possible that the recruits of to-dav, owing to the marked fall in the prevalence of civilian tuberculosis, are more susceptible to the disease than they were thirty-five years ago, and that therefore the incidence of tuberculosis would have gone up, had it not been for these apparentlv non-effective preventive measures.
This speculation is indirectly supported bv the observation that the boys aged 15-16 years who enter the naval training establishments have a low herd-immunity, as judged by the unexpectedly low percentage of those among them who give a positive tuberculin reaction (Mantoux test).
All the work on droplet and air-borne infection suggests that by far the most dangerous and massive doses of infective material are those which are passed directlv from man to man at short range, in the act of coughing, sneezing or even speaking. It is obvious that once the average distance between the respiratorv orifices of the members of a community is reduced below a certain point, ventilation, however effective, cannot influence the spread of infection. Shaw (1926) lays great stress on periodical medical examinations and the weighing of men as a preventive measure in order to discover and eliminate early cases of pulmonary tuberculosis. But manv sputum-positive advanced cases fail to give any physical signs at a meticulous clinical examination. Little can be hoped from periodical weighings, as loss of weight is a late rather than earlv sign of tuberculosis. In fact we know that scarcely any of the tuberculosis concealed in the Navy has been uncovered by these routine weighings and examinations.
This critical morbidity of 2 per thousand is double that prevailing in the Army and Air Force, although the Navy has a larger proportion of men in those younger and older age-groups who, in civilian life, show a lower incidence of pulmonarv tuberculosis than the average. As far as can be judged, the naval rate is considerablv higher than that in men of the corresponding age and social class ashore, although naval ratings form a specially selected group who have passed through the sieve of a medical examination and who, except as regards air space, have a standard of living higher than that of the average working man.
Another observation, which indicates that it is the closeness of community life on the lower deck which is the determining cause of the excess of tuberculosis morbidity among naval ratings, is the fact that the yearly incidence among naval officers is 1-0 per thousand per annum, less than half the morbidity among the ratings. Naval officers nearly always sleep in separate cabins, and their day living accommodation is also more spacious. Officers being recruiited from a more sheltered social group would be expected, other factors being equal, to show a higher tuberculosis morbidity than the ratings. Even still more suggestive of the beneficial effect of the more spacious life of officers, is the observation that, when men are promoted to officers from the lower deck, the rate for tuberculosis among those promoted drops from 2 to 1 per thousand. Among the men of the same age and seniority who remain on the lower deck the rate remains unchanged.
The halxing of the incidence is obviously due to the increase of space and better sleeping accommodation wvhich are the only significant differences between these two groups.
If we could remove all men with open tuberculosis from the Navy no fresh infections would be possible in the ships themselves, however congested the environment.
The This insidious onset should help in the prevention of the disease, if we could segregate the infected men during the considerable period that elapses between infection and the time when the disease becomes "open " and tubercle bacilli first appear in the sputum.
In the Navy, in spite of frequent examinations, a sailor is rarely discovered to have pulmonary tuberculosis before tubercle bacilli have appeared in his sputum and before he has become a possible danger to his messmates. Of 93 consecutive cases of pulmonary tuberculosis admitted to the Royal Naval Hospital, Chatham, in 1938 and 1939, in onlv 9 were no tubercle bacilli found in their sputum; and some of the latter cases were picked uLp in the X-ray room by chance when being examined for some other purpose.
As is wvell known X-ravs are the only means of detecting the earliest lesions of pulmonary ttuberculosis, and all men suspected of the disease are promptly examined by X-ravs in the Navy. But it is the unsuspected cases of pulmonary tuberculosis which must be found if the large reservoir of concealed tuberculosis in the Navy is ever to be drained.
The difficultv of examinations by the ordinary X-ray methods were discussed in a previous paper (" Anonymous ", 1938) . Any scheme, short of examining the total force at periodic intervals, is unlikely to have an appreciable effect on the total morbidity from tuberculosis of the lungs. If only recruits are X-raved to prevent the introduction of fresh infections into the Navv, some cases will be fo;und among the older new entries. Trial investigations, however, have shown that it was exceptional to find any tuberculosis among the boy seamen and artificer apprentices who enter the Navy at 15 to 16 years of age. Incidentally, it was observed in these training establishments that those boys who gave negative l\1antoux tuberculin tests on entrv, did not tend to become Mantoux positive before leaving the training establishments, as do medical students in hospital and the nurses in sanatoria, who have frequent opportunities of making contact with tubercle bacilli. This is evidence that little tuberculosis infection was, at the time of the investigation, taking place in the boys' and artificers' training establishments, and suggests, that naval tuberculosis is contracted more often in the ships themselves, than ashore after or before entering the Navy. Thus the X-ray examination of recruits only is unlikely to have an appreciable effect on naval tuberculosis morbiditv. Moreover the Germans have been examining their recruits by X-rays for some years and their rate for pulmonary tuberculosis before the war was the same as ours, about 2 per thousand per annum.
Even if it were possible to discover and remove all tuberculous infection from one ship by means of X-ray examinations, the uninfected ship's company will be exposed to the same risks of infection again within two or three years, because a naval commission only lasts that time, at the end of which the ship pays off and its inhabitants are distributed to other ships all over the world. Therefore we are driven to the conclusion that the incidence of pulmonary tiberculosis cannot be reduced by much, unless the total naval force is examined radiographically at periodic intervals.
With the introduction of the technique known as miniature-photo-radiography, mass X-ray. examinations of the whole Navy became a less cumbrous and expensive proposition.
The Medical Director General examined the possibilities of the new technique, ano after Surgeon Commander Fitzpatrick had carried out some " trial runs " at a naval hospital, Their Lordships of the Admiralty gave-permission to install the necessary apparatus and staff at the, three main naval depots to which practically every naval rating returns at least once every three years. Therefore, as it is proposed that every man joining the depots shall pass through the miniature photoradiographic departments, all the chests in. the Navy will be examined radiographically at least every three years, once the scheme is in full operation.
The new technique has been criticized on the grounds that the miniature photographs and their projections are not as reliable as full-sized films, and that cases will be missed and others wrongly diagnosed. In the Navy no man is labelled tubercular on the evidence of the miniature film until a full-sized film has been taken. If WVhen the total new entries and total trained men are compared t-here is little difference between them in the percentage of individuals who require re-examination, and the rate per thousand of-suspected active cases of tuberculosis was only a little higher in the trained men. If, however, the trained men are subdivided, according to their length of service in the Navy, into two subgroups of those of less than, and those of over, five years' service, the senior group is found to have a rate for suspected active tuberculosis which is 3-4 times as great as the rate in the junior group. If the trained men are divided according to age into those of over and under 30 years of age, the elder group is 4-8 times as liable to suffer from suspected active disease.
The statistics of the trained men are not in a form to decide whether length of service, apart from age, is correlated with tuberculosis morbidity, especially as there were only 198 men over 30 years old with less than five years' service, and they only produced one suspect. But, if the new entries are subdivided into age-groups, as shown in the table, although there is no significant difference between the rates of the junior and the younger trained ratings and the rates of the vouLnger new entries, vet the rate for suspected active tuberculosis of the lungs in the trained ratings of over 30 is twice as high as that of new entries over 30. These figures, taken as a whole, confirm the deduction that was made above from the official naval statistical retuirns of previous vears that naval ratings are about twice as prone to develop tuberculosis of the lungs as men of similar type who work ashore.
As the figures in the table indicate, 69 cases of suspected pulmonary tuberculosis were sent to hospital. Of these cases 47 were found to have active lesions, in 20 the disease was considered to have been arrested, and these men were discharged to duty to be re-examined in three months' time. The remaining two men had no appreciable disease. The 47 patients with active disease represent a rate of 2-4 per thousand examined. Therefore the number of cases discovered by the new technique will not overstrain the hospital facilities, or make the temporary rise in the incidence of naval pulmonary tuberculosis and the extra loss of trained men by invaliding, which will result, appear unduly alarming to the uninitiated.
Of the 47 men who were invalided, 24 had tubercle bacilli in their sputum. Thus, in this group of cases picked out by miniature photoradiography, 500% were open cases, as compared with 90% discovered in the ordinary way when a man reports sick of his own accord with symptoms which suggest pulmonary tuberculosis to his doctor. This is disappointing as it had been hoped that the proportion of open cases would have been much smaller. However as time passes and the unsuspected open cases are weeded out, the ratio of closed to open cases should increase. Those 47 men, who were found to be suffering from unsuspected progressive tuberculosis of the lungs, were at full duty at the time of discovery. Most of them complained of nothing in particular, and were indignant at being sent to hospital.
The number of cases of active tuberculosis is as yet too small for the frequency differences in the sub-groups to have much statistical significance until one or two hundred thousand examinations have been completed. The personal equation and experience of the radiologist also is a factor of considerable weight, especially in deciding which men are to be re-X-rayed on full-sized films.
Apart from their primary function of uncovering the concealed foci of tuberculous infection in the Navy, the photoradiographic departments should offer a fertile field for research on the early evolution of tuberculosis and other diseases of the chest.
CONCLUSION
Many men who may have been suffering from unsuspected tuberculosis of the lungs for months or years are being detected earlier by this method. Therefore the chances of a permanent and rapid arrest of their disease is greater.
About half of these unsuspected cases, instead of a tenth as heretofore, are " closed " cases of pulmonarv tuberculosis who are removed from the naval community before they can become a possible danger to others. The other moietv of unsuspected cases were open cases who might have gone on distributing tubercle bacilli for a long time had they not been radiographed. It is also a fact that individuals picked up in this way are found to be suffering from tuberculosis earlier than they would have been if left to themselves. In the Navy, the removal of unsuspected cases will occupy two or three years. After which it is to be hoped that the tuberculosis morbidity will fall.
The success of the procedure in preventing ar reducing the morbidity of pulmonary tuberculosis depends on the truth of the hypothesis that all or many of the cases of the disease in adults in this country are due to fresh infections with tubercle bacilli in adult life. But there are some who still believe that, in countries where tuberculosis is endemic, most tuberculosis of the lungs is contracted in infancy or childhood. This early infection is generally arrested only to progress again if some unfavourable secondary factor in adult life lowers the individual's resistance to tubercle bacilli, which until then were lying dormant in the healed infantile lesion.
The second reason why mass radiography may fail to effect the results expected of it is more difficult to explain. The risk of infection can never be eliminated completely from the naval community. Odd cases of tuberculosis will alwavs continue to be contracted ashore, missed at the X-ray examinations, or develop during the intervals between the examinations. We have no knowledge of the minimum number of bacilli, or what frequency of contact with them, is necessary to originate a progressive tuberculous lesion in a susceptible subject, under the special conditions of naval life. It is possible that the foci of infection on the mess decks of a warship are far more numerous than are necessary in order to ensure that the potential cases of pulmonary tuberculosis in the Navy get a minimal infective dose at some time during their naval service. In this event, the irreducible overcrowding of a ship's living quarters will remain the decisive factor in the incidence of tuberculosis of the lungs, in spite of removing many open cases of the disease.
In spite of the improvement in the standard of living and other hygienic measures, there has been no diminution in the frequency of naval pulmoniary tuberculosis during the last thirty-five years. Therefore it is not wise to dogmatize on the ultimate effects of mass-radiography as a preventive measure.
ALL men joining the Royal Naval Barracks at Chatham, whether direct from civil life or from other ships or establishments, are passed through the Photo-Radiographic Department as part of the " joining routine ". This routine includes an examination by a medical officer, and if a man makes anv complaint regarding his health, or exhibits any gross lesion on clinical examination, he is immediately referred to the sick quarters proper (after the routine miniature radiograph has been exposed) where a complete examination is made and any necessary investigations arranged.
The examination is not used as a substitute for normal radiography, nor as a means of diagnosing pulmonary tuberculosis, but is merely a rapid and economical method of selecting-from a large number of presumably healthv men-cases for further examination clinically and radiographically, with the object of reducing the incidence of pulmonary tuberculosis in the Royal Navy.
The apparatus in use was supplied by Messrs. Stanley Cox of London, under the name of " Pulmograph It consists of: A 10 kW. protected X-ray tube, blower cooled and with 4-8 mm. focus. A specially designed Leica type of camera (35 mm. film) with an f/i 9 Dallmeyer 2 in. lens. The camera is electrically operated-it has no shutter and the exposed frame is automatically moved on immediately the photograph of the serial number has been taken. A light and ray proof tunnel connects the camera with a Levy West fluorescent screen 36 in. away. The tunnel has a light proof slit in the centre of its undersurface near the screen. A card-stamped with an identification number-is inserted into this slot, and is illuminated as soon as the fluorescence from the screen has faded. The identification number is thus recorded upon the film (in the mid-line of diaphragmatic region).
The camera, tunnel, screen and tube are mounted as one on a massive stand in such a way that they can be easily adjusted to the varying heights of the men.
The distance between camera and screen=36 in., and that between screen and tube =36',2 in. (It was originally 40 in.)
